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Introduction
A great deal of evidence collected over many years has characterized a variety of interactions between angiotensin I1 and most components of the autonomic nervous system (Whelan, Scroop & Walsh, 1969; Lowe & Scroop, 1970 ; Severs 8c Daniels- Severs, 1973) . Indeed, Tigerstedt & Bergman, in their primordial article of 1898, had concluded that the principal mechanism of renin's pressor action was neural, involving both central and peripheral components of the autonomic nervous system.
Among the most sensitive of the more recently described autonomic actions of angiotensin I1 is that reported in the greyhound by Scroop & Lowe (1968) . In this study, a centrally mediated cardiovascular effect elicited by vertebral artery infusion ,was consistently demonstrated with local blood concentrations of angiotensin I1 estimated to be 14-1.9 x lo-' nmol/l, and occasionally with concentrations as low as 1.9 x lo-* nmol/l. The site of this central action of angiotensin I1 is the area postrema (Joy & Lowe, 1970) , and the resultant cardiovascular effect is mediated both by withdrawal of cardiac vagal tone and increased sympathetic vasoconstrictor activity (Scroop & Lowe, 1969) .
The area postrema lies in close proximity to neural pathways mediating the baroreceptor Correspondence: Dr G. C. Scroop solitary tract and the area postrema have been described (Morest, 1960 (Morest, , 1967 . This interconnection has led to the suggestion that angiotensin I1 may act centrally to modulate the baroreceptor reflex (Sweet & Brody, 1970) and several workers have provided supportive evidence (Fukiyama, 1973 ; Goldstein, Heitz, Shaffer & Brody, 1974) .
What is not clear from work published to date is whether this particular action of angiotensin I1 can be demonstrated in species with a high degree of resting cardiac vagal tone, such as man and greyhounds, and whether this ability of angiotensin I1 to inhibit baroreceptor compensation of pressor effects occurs regardless of the nature of the pressor mechanism.
Furthermore, several other vasoactive drugs, including acetylcholine and prostaglandin FZa. have specific centrally mediated pressor effects on vertebral artery infusion Lavery, Lowe & Scroop, 1970) . and their interaction with baroreceptor reflexes has not been described. It was with these objectives in mind that the present study was undertaken.
Methods
The experiments were performed in greyhounds of either sex weighing between 25 and 30 kg. The dogs were anaesthetized with a-chloralose [ 388 pnol (120 mg)/kgl after prernedication with morphine I7 pnol (2 mg)/kgl, both injected intravenously.
Blood pressure was monitored from a catheter inserted into one femoral artery and attached to a Statham P23 d.c. transducer and model 7B Grass polygraph. Heart rate was recorded from the electrocardiograph with a Grass 7P4 cardiotachometer.
Catheters for drug infusion were inserted into one vertebral artery at the base of the neck and into one femoral vein. All catheters were inserted by a modified Seldinger (1953) technique with catheter dimensions that produced no significant obstruction of blood flow.
Both carotid sinus nerves were exposed by dissection and identified by the characteristic depressor response evoked by electrical stimulation. One nerve was then sectioned and the contralateral nerve mounted on bipolar stimulating electrodes, To prevent dehydration, and provide insulation from blood and tissue fluids, petroleum jelly was applied to the nerve and electrodes, which were further separated from surrounding structures by a small segment of thin plastic sheeting. The carotid sinus nerve was stimulated for periods of 3 min with 2-3 V at 12-15 Hz. These stimulus parameters, which were applied in all experiments, produced reductions in mean arterial pressure ranging from 24 to 45 mmHg and the change was reproducible in any given experiment. The magnitude of the depressor responses was quantified by planimetric measurement of the areas contained within them, the units being mmHg x min. Responses obtained before and after a drug treatment were not significantly different and have been averaged in all experiments to provide the control value.
All drugs were dissolved in sodium chloride solution (154 mmol/l:saline) and infused from a motor-driven syringe pump at 1 ml/min. Doses of drugs administered by vertebral artery infusion were chosen such that their effects were confined to the central nervous system.
Results
Egect of vertebral artery infusions of angiotensin II on the depressor response to unilateral carotid sinus nerve stitnulation Fig. 1 illustrates the changes in blood pressure in a single experiment in response to carotid sinus nerve stimulation before, during and aRer vertebral artery administration of angiotensin I1 (1 .O x lo-' nmol min-' kg-I). Although the control responses to sinus nerve stimulation elicited before and after angiotensin I1 infusion were virtually identical in magnitude, there was a reduction in the depressor response to sinus nerve stimulation during the infusion period. Similar results were obtained in eight other dogs and these are illustrated ship between vertebral artery-infusion rate of angiotensin I1 and the resultant increase in mean arterial pressure. Since each dose of angiotensin I1
elevated resting blood pressure, it could be argued that the diminution of the sinus nerve depressor response during angiotensin I1 infusion was due to the elevated blood pressure. However, no correlation was found between absolute increase in mean arterial pressure in response to angiotensin I1 infusion and percentage reduction in the carotid sinus depressor response ( r = 0.08, n = 36, P >
To exclude further this possibility, the same protocol was followed with two other drugs, namely, acetylcholine and prostaglandin F2,, each of which is known to increase blood pressure by neural mechanisms when infused into the vertebral artery:
0.1). in Fig. 2 . The depressor response to carotid sinus nerve stimulation was, on average, reduced with all infusion rates of angiotensin 11. This effect was dose-dependent, although a statistically significant change was seen only with the two highest doses studied (0.125 x lo-' nmol min-' kg-l, 0.05 < P < 0.10; 0.25 x lo-' nmol min-,' kg-', 0.05 < P < 0.10; 0-5 x lo-' nmol min-l kg-I, 0.025 < P < 0.05; 1.0 x lo-' nmol min-' kg-I, 0.005 < P < 0.01; n = 9 for all tests).
FIG. 2. (u)
The heart-rate response to carotid sinus nerve stimulation was variable and although the average response was a fall in heart rate, both tachycardia and bradycardia were observed in the nine animals studied. During angiotensin I1 infusion, heart rate, on average, tended to fall to a smaller degree in response to sinus nerve stimulation. However, no statistically significant effect was seen at any of the four infusion rates studied. Fig. 2 also illustrates the dose-response relationEffect of vertebral artery infusions of acetylcholine and prostaglandin F2= on the depressor response to unilateral carotid sinus nerve stimulation Vertebral artery infusion rates of acetylcholine and angiotensin I1 in four dogs, and of prostaglandin F,, and angiotensin I1 in a further four dogs, were chosen such that each pair of drugs elicited increases in mean blood pressure of similar magnitude. The response to carotid sinus nerve stimulation was tested before, during and after the drug infusions, the before and after results being pooled to provide the control values. Results from all experiments are presented in Table 1 . As before, vertebral artery infusions of angiotensin I1 consistently reduced the depressor response to carotid sinus nerve stimulation, but no such effect was seen with either acetylcholine or prostaglandin F2,; the responses to carotid sinus nerve stimulation were marginally enhanced during infusion of these drugs although the effect was not statistically significant.
Eflect of vertebral artery iqfiusions of angiotensin II, acetylcholine and prostaglandin F2, on the pressor responses to bilateral carotid artery occlusion and intravenous infusions of noradrenaline
Results from the experiments described above illustrate the specific ability of vertebral artery infusions of angiotensin I1 to modulate the baroreceptor reflex. The modulation is such that one might expect a given systemic pressor response to be exaggerated by the action of angiotensin I1 within the vertebral artery territory. The control values for the responses of blood pressure and heart rate to each test procedure have been derived by averaging results obtained before and after vertebral artery drug infusions. The duration of bilateral carotid artery occlusion was 5 min. Values for P were calculated from Student's t-test for paired data. To test this hypothesis, bilateral carotid artery occlusion and intravenous infusions of noradrenaline (1 a 6 nmol min-' kg-') were used as test procedures, and the increases in blood pressure and changes in heart rate in response to these procedures were examined before, during and after vertebral artery infusions of angiotensin I1 (1.0 x lo-' nmol min-I kg-I), acetylcholine (93.5 nmol min-' kg-I) and prostaglandin F,, (8.0 x nmol min-' kg-') according to the following protocol.
Control responses were established to both test procedures, after which a vertebral artery infusion of angiotensin 11, acetylcholine or prostaglandin F,, was begun. These infusions resulted in a modest increase in blood pressure, and when this had stabilized at the new level, the test procedures were repeated. The vertebral artery drug infusion was then terminated, and when blood pressure and heart rate had returned to control values, the test procedures were elicited for a third time. The changes in blood pressure and heart rate elicited in response to each test procedure before and after vertebral artery drug infusions were not significantly different and for this reason have been averaged to provide the control values referred to in Table 2. This Table includes results from all dogs studied by this protocol. With regard to the responses to bilateral carotid artery occlusion, the pressor effect was moderately enhanced during angiotensin I1 infusion, but virtually unchanged by either acetylcholine or prostaglandin F2,,. The tachycardia response was, on average, enhanced during all vertebral artery drug infusions. This enhancement was significant with angiotensin 11, but with the other two drugs the only significant effect was the enhancement of noradrenaline's pressor action during acetylcholine infusion ( Table 2) .
Eflect of intravenous infusions of angiotensin II and noradrenaline on the depressor response to unilateral carotid sinus nerve stimulation
To determine whether the reduction in the carotid sinus nerve response demonstrated during vertebral artery infusions of angiotensin I1 could also be elicited during intravenous infusions of the drug, a further series of experiments was undertaken. The response to carotid sinus nerve stimulation was elicited before, during and after intravenous infusions of angiotensin I1 or noradrenaline with responses during vertebral artery infusion of angiotensin I1 being included for comparison. The results are presented in Table 3 with control values being derived as described previously. Vertebral artery infusions of angiotensin I1
(1 a 0 x lo-] nmol min-I kg-I) caused the expected reduction in the carotid sinus nerve response. However, approximately the same effect was seen when the identical infusion rate was administered intravenously, this dose being without effect on mean blood pressure. With a higher intravenous infusion rate of angiotensin 11, namely 7.7 x 10-3 nmol min-I kg-', which increased mean blood pressure by an average of 48 mmHg, a greater degree of depression of the carotid sinus nerve response was seen. A similar reduction in the carotid sinus nerve response was also seen with intravenous infusions of noradrenaline at an infusion rate of 1.6 nmol min-l kg-', which resulted in an average increase in blood pressure of 17 mmHg.
There was no significant degree of correlation between magnitude of pressor response and degree of depression of the sinus nerve response with any of the four infusions (P > 0.1 in each case).
Discussion
Attenuation of the carotid sinus depressor reflex by vertebral artery infusions of angiotensin I1 has been described by several authors (Inoue, Smulyan & Eich, 1969; Fukiyama, 1973; Goldstein et al., 1974) .
Similar results were obtained in part of the present study. Unilateral stimulation of the carotid sinus nerve caused a reduction in mean blood pressure and a variable effect on heart rate. Vertebral artery infusion of angiotensin I1 resulted in the expected increase in base-line mean blood pressure and a reduction in the depressor response to carotid sinus nerve stimulation. Both these effects of angiotensin I1 were dose-dependent and, unlike previous studies (Inoue et al., 1969; Fukiyama, 1973; Goldstein et al., 1974) , an effect on the carotid sinus reflex was seen only with pressor doses of angiotensin 11. Even the lowest dose studied, namely, 0.125 x lo-] nmol min-' kg-I, re-sulted in an average increase in mean arterial pressure of 10.8 f 2.3 mmHg and produced, on average, a reduction in the carotid sinus nervestimulation response. Although this effect was not statistically significant, this dose is substantially smaller than the lowest described previously to have an effect on the carotid sinus reflex, namely, 3 x lo-' nmol min-' kg-I (Fukiyama, 1973) .
It seems unlikely that the depression of the carotid sinus reflex by angiotensin I1 is a non-specific effect of the increase in resting blood pressure, since no correlation was found between pressor effect of angiotensin I1 and percentage reduction in the carotid sinus depressor response. Furthermore, two other vasoactive drugs, prostaglandin F,, and acetylcholine, each of which has a specific central pressor action on vertebral artery infusion, failed to change the depressor response to carotid sinus nerve stimulation significantly. It can be concluded, then, that angiotensin I1 has a specific ability to attenuate the depressor response to carotid sinus nerve stimulation such that the response to a given stimulus is reduced in the presence of angiotensin I1 in the vertebral circulation.
The site of this action of angiotensin I1 has not been defined in the present study. However, the central pressor action of angiotensin I1 elicited during vertebral artery infusions is known %o, require an intact area postrema, whereas this is not the case for either prostaglandin F,, or acetylcholine (Joy & , even though all three drugs utilize similar peripheral neural pathways in the expression of their cardiovascular actions (Lavery er al., 1970) . It therefore seems likely that the site of action of angiotensin I1 in modulating the baroreceptor reflex is at or near the area postrema.
It follows from the discussion above that the reflex baroreceptor compensation to a given pressor response would be diminished by vertebral artery infusions of angiotensin I1 and in consequence the pressor response exaggerated. To test this hypothesis, the pressor and heart-rate responses to intravenous infusions of noradrenaline and carotid artery occlusion, each of which might be expected to activate a compensatory baroreceptor reflex, were examined before, during and aftet vertebral artery infusions of angiotensin 11. By way of a control, the test procedures were also elicited during vertebral artery infusions of acetylcholine and prostaglandin F,,. The increases in blood pressure and changes in heart rate in response to each of the test procedures were exaggerated during angiotensin I1 infusion, although the enhancement of the noradrenaline responses was the only statistically significant effect. Whereas the enhancement of the pressor action of noradrenaline supports the suggestion of attenuation of baroreflex activity by angiotensin 11, the finding of an increase in the reflex bradycardia is to the contrary. It may be that the ability of angiotensin I1 to modulate baroreflex activity is selective for certain components of the reflex. A more detailed study of the components of each cardiovascular response would be required to answer this question. Vertebral artery infusions of acetylcholine and prostaglandin F,, had a variable effect on the responses to the test procedures, although there was a significant enhancement by acetylcholine of the pressor action of noradrenaline. However, in view of the considerable possibility of non-specific interactions between the various drugs, these results cannot be construed as supporting a specific modulation of the baroreceptor reflex by angiotensin 11.
A similar conclusion derives from the final series of experiments, where the depressor response to carotid sinus nerve stimulation was elicited before, during and aRer vertebral artery and intravenous infusions of angiotensin I1 and intravenous infusions of noradrenaline. All these drug infusions led to a significant reduction in the carotid sinus nerve response. The effect seems unrelated to the magnitude of the pressor action of the test procedures, since there was no correlation between the two. Furthermore, it seems unlikely to represent a non-specific time-dependent change in the carotid sinus nerve response, since the responses elicited before and after the test procedures were not significantly different. The observation that pressor intravenous infusions of both noradrenaline and angiotensin I1 led to a similar reduction in the carotid sinus nerve response suggests that any increase in baroreceptor activity, regardless of the stimulus, may lead to a nonspecific reduction in the carotid sinus nerve response. However, Sinha & Schmitt (1974) have demonstrated that high doses of noradrenaline, given intravenously, can have a .central sympathoinhibitory effect which would also be expected to attenuate the response to sinus nerve stimulation. It would be of interest to compare the effects of vertebral artery and intravenous infusions of noradrenaline on the sinus nerve response. It should also be noted that the non-pressor intravenous infusion of angiotensin 11 (1.0 x lo-' nmol min-' kg-') also led to a reduction in the carotid sinus nerve response of similar magnitude to that seen with pressor doses of angiotensin I1 and noradrenaline.
In conclusion, the present data support the hypothesis that the baroreceptor reflex is modulated by vertebral artery infusions of angiotensin 11. However, evidence for a physiological role for this effect in modulating various pressor signals is not conclusive.
